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Abstract
Background: The association between county-level social capital indices (SCIs) and the three 
most commonly reported sexually transmitted infections (STIs) in the United States is lacking. In 
this study, we determined and examined the association between two recently developed county-
level SCIs (i.e., Penn State social capital index [PSSCI] vs. United States Congress social capital 
index [USCSCI]) and the three most commonly reported bacterial STIs (chlamydia, gonorrhea and 
syphilis) using spatial and non-spatial regression techniques.
Methods: We assembled and analyzed multi-year (2012–2016) cross-sectional data on STIs and 
two SCIs (PSSCI vs. USCSCI) on counties in all 48 contiguous states. We explored two non-
spatial regression models (univariate and multiple generalized linear models) and three spatial 
regression models (spatial lag model, spatial error model and the spatial autoregressive moving 
average model) for comparison.
Results: Without exception, all the SCIs were negatively associated with all three STI morbidity. 
A one-unit increase in the SCIs were associated with at least 9% (p<0.001) decrease in each STI. 
Our test of the magnitude of the estimated associations indicated that the USCSCI was at least 
two-times higher than the estimates for the PSSCI for all STIs (highest p-value=0.01).
Conclusions: Overall, our results highlight the potential benefits of applying/incorporating 
social capital concepts to STI control and prevention efforts. In addition, our results suggest that 
for the purpose of planning, designing and implementing effective STI control and prevention 
interventions/programs, understanding the communities’ associational life (as indicated by the 
factors/data used to develop the USCSCI) may be important.
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Analyses of two county-level SCIs indicated they were negatively associated with STI morbidity, 
although the association was higher for the United States Congress SCI compared to the Penn 
State SCI.
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INTRODUCTION
Social capital (SC) was defined as the resources to which individuals and groups have access 
through their social networks in one of the earliest published works on this topic.1 Following 
Bourdieu’s work, other versions of the definition of SC have emerged.2, 3 Although there is 
no consensus on the definition of SC,4 most versions include two major domains—
cognitive/attitudinal (such as perceived interpersonal trust and reciprocity) and structural/
behavioral (such as civic participation and volunteering).5 By and large, scholars define SC 
as a community-level attribute that measures the resources, social relations and connections 
among people and social organizations accessed and used to achieve common purposive 
ends.6
Before the end of the twentieth century, SC was a concept that was largely talked about in 
the fields of sociology,1, 2 economics,7 and political science.3 However, in the last two 
decades, there has been a surge in the application of the SC concept to public health 
phenomena.4 Kawachi and Berkman hypothesized that through positive social norms, social 
networks, social support and the availability of strong organizational processes that influence 
the availability and use of health care services, higher SC is associated with better health 
outcomes.8 Prompt diffusion of health information, adoption of healthy norms, and social 
control of risky behaviors present other pathways through which SC is hypothesized to 
influence better health outcomes.9 However, it is noteworthy that the concept of SC is 
double-edged—it can also reinforce negative/bad outcomes. In other words, the resources 
(social relations, connections among people and social organizations) can be used to achieve 
common purposive ends that are bad for individuals or the community as a whole.10
Social capital and health outcomes
Numerous studies have demonstrated the positive effects of SC on (or associations with) 
health outcomes. For example, SC was reported to be associated with positive health 
outcomes for common cold,11 mortality, self-rated health,12 obesity,12 and chronic illnesses.
13
Social capital and sexually transmitted infections (STIs)
In the area of STIs, we found three published studies that examined the association between 
SC and STIs—two of them used state-level data,6, 14 while the third used neighborhood data 
from within a large city.15 These studies found that—for the most part—higher SC were 
associated with lower STI morbidity. We did not find any study that examined the 
association between county SC measure and STI morbidity.
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Measures of social capital
The corollary to the lack of consensus on the definition of SC is the lack of agreement on 
how to measure it. As a result, following the original SC measure developed by Putnam3 in 
the United States (US), several social capital indices (SCIs) have been developed over the 
years, although they were all at the state-level.12 These SCI methods were largely 
determined by the developer’s definition of SC as well as their area of interest as evidenced 
by the indicators/factors they considered relevant to include in developing their indices. 
These differing versions of measuring SC are important, because researchers/scholars may 
come to different quantitative and/or qualitative conclusions about the association between 
SC and health outcomes depending on which measures are used.5
As at the beginning/conceptualization of this study (early 2018), only two county-level SCIs 
were available—the 2014 Penn State SCI16 and the United States Congress SCI.17 An 
important distinction between the two county-level SCIs is that one of the four factors used 
in developing the Penn State SCI focused on information from social/business/economic 
entities using data from the North American Industry Classification System (NAICS).16 
Specifically, the PSSCI used 2014 data on religious, civic, business, political, professional, 
labor, recreation and sports from NAICS and non-profit organizations, as well as 2012 voter 
turnout and 2010-census response rate.16
On the other hand, the US Congress SCI kept associational life (family and community) 
central in the development of their index.17 Specifically, the USCSCI was developed from 
four sub-indices—family unity, community health, institutional health and collective 
efficacy. Family unity sub-index was developed from 2012–2016 data on the proportion of 
births to unmarried women, proportion of unmarried women and the proportion of children 
living with single parent. The Community health sub-index was developed from 2015 data 
on registered non-religious entities, religious congregations and informal civil society index. 
The institutional health sub-index was developed from votes in the 2012 and 2016 
presidential elections, 2010-census response rate, and 2013 data on confidence in 
institutions. The collective efficacy sub-index was the 2008–2014 crime rate.17 In their 
validation analyses, the authors of the USCSCI reported a correlation of 0.56 between their 
index and the PSSCI.17
Purpose
In this study, we analyze multi-year cross-sectional county-level data to determine and 
examine the qualitative and quantitative association between the two SCIs (Penn State social 
capital index and the US Congress social capital index) discussed above and the three most 
commonly reported STIs (chlamydia, gonorrhea and syphilis) in the US using spatial 
regression techniques. The results from our study can improve our understanding of the 
association between the available county-level SCIs and bacterial STIs, and ultimately 
inform the planning, designing and implementation of effective STI control and prevention 
interventions/programs. We focused on county-level measures—rather than state-level—for 
several reasons:
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1. Size of geographic unit: as pointed out by many scholars, SC is a community-
level attribute of local phenomena.16 Thus, the attributes are likely better 
captured at smaller geographic units than at the state-level.
2. Data availability: counties are the smallest geographic unit for which the SCI and 
STI data for the entire US are publicly available.
3. Sample size: county-level data offers far larger sample size and more variability.
4. Research gap: while there are published studies on the association between SC 
and STIs at the state-level, research on this (SC-STI) association at the county-
level is lacking.
MATERIALS AND METHODS
To examine the quantitative and qualitative association between SCI and bacterial STIs at 
the county-level, we analyzed multi-year cross-sectional data and used state-specific fixed-
effects spatial generalized linear regression models that controlled for other social 
determinants reported in the published literature. Our choice of the control variables was 
based on numerous published studies that have comprehensively discussed the rationale 
(pathways/theories) for their inclusion in STI ecological analyses.6, 18–22
Data
We obtained the 2014 county-level Penn State social capital index (PSSCI) from their 
website (https://aese.psu.edu/nercrd/community/social-capital-resources/social-capital-
variables-for-2014/social-capital-variables-spreadsheet-for-2014/view16), and the United 
States Congress social capital index (USCSCI) data were obtained from their website.17
Given that the data used to develop the SCIs were from multiple years (largely 2012–2016) 
and the more complete sociodemographic and economic data at the county-level were the 
five-year estimates from the American Community Surveys (ACS), we assumed that the 
relevant corresponding years of STI morbidity data were the 2012–2016 data. As a result, 
we assembled 2012–2016 data on the reported total (all age groups, races/ethnicities and 
both sexes) county-level cases of chlamydia, gonorrhea, and primary and secondary (P&S) 
syphilis from all the counties in the contiguous states in the US from the AtlasPlus web tool.
23
 We computed temporally smoothed rates by adding the cases and dividing by the sum of 
the population estimates for each year, and multiplied the result by 100,000.20
From the ACS, we obtained five-year estimates (2012–2016) of county-level 
sociodemographic and economic data24 based on preliminary exploratory analyses as well as 
variables used in previously published county-level STI studies.18–22 The sociodemographic 
and economic variables included percent Black (non-Hispanic), percent Hispanic/Latino, 
percent Asian, percent American Indian and Alaska Native (AIAN), percent Native 
Hawaiian and Other Pacific Islander (NHOPI), commute index (i.e., percent with >1 hour 
commute time), income inequality (i.e., Gini coefficient), population density (i.e., residents/
square mile), sex ratio (i.e., male-to-female ratio), median household income, birth rate, 
percent of residents aged 15–24 years and 25–29 years. Although crime rate has been shown 
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to improve STI ecologic regression models,20 we did not use crime rate because it was 
highly correlated with the USCSCI—as described above, crime rate was one of the sub-
indices used in its (USCSCI) development.
Summary statistics of data used
Table 1 presents the summary statistics of the final set of data on all the variables used in our 
analyses. Upon close inspection of the PSSCI data, we found an outlier—while the rest of 
the PSSCIs ranged from −3.183 to 9.149, one county (Edgefield, South Carolina) had an 
index of 21.809. As a result, we dropped Edgefield, South Carolina from our analyses. The 
USCSCI ranged from −4.315 to 2.971. However, because of lack of complete data for some 
of the sub-indices used in developing the USCSCI, the total number of usable observations 
was slightly lower than those for the PSSCI—2,937 (≈ 94% of all the counties and county 
equivalents in the US) vs. 3,073 (≈ 98% of all the counties and county equivalents in the 
US) (see Table 1).
Statistical Analyses (spatial regression)
Previous county/state-level STI ecologic regression analyses have used log-linear/log-log 
models that require transforming the STI rates into natural logs.6, 19, 20, 22 However, this 
approach presents challenges because quite a substantial number of counties may have zero 
rates (especially syphilis, in our case) and the log of zero is undefined, but dropping the zero 
observations may mean losing important information. The generalized linear model (GLM) 
with log link uses a log-link function that eliminates this problem because it does not require 
data transformation.25 In addition, because all the rates were non-negative, skewed and 
right-tailed, we specified gamma distribution—GLM with log link and gamma distribution.
For completeness of model evaluation, we explored all the available spatial models—spatial 
lag model (SLM), spatial error model (SEM), spatial Durbin model (SDM) and the spatial 
auto-regressive moving average model (SARMAM), which is a combination of the SLM and 
SEM.26, 27 While SDMs usually include lags of the independent variables, we focused on 
the spatial lags of the variables of interest in this study (PSSCI and USCSCI). However, after 
preliminary assessment, the SDMs were dropped because the lagged SCIs were highly 
correlated with the SCIs (69% for the PSSCI; 74% for the USCSCI). Because of the high 
correlation between the two SCIs, and to enable independent estimation/interpretation of 
their association with the STIs, we conducted separate regression analyses for each (i.e., we 
did not include both in any of the regression models). We estimated crude (unadjusted 
estimates obtained from simple [univariate] GLM regression) and multivariate GLM 
regression for each SCI and STI for the purpose of comparison. Thus, there were ten 
regression results for each STI from five models (univariate GLM, multivariate GLM, SLM, 
SEM and SARMAM) and two separate regressions, one for each SCI. Apart from the 
univariate regression, all the other models included state-level fixed-effects intercepts.
Finally, we examined potential differences in the magnitude of the SCI coefficients for each 
STI (PSSCI vs. USCSCI) using the seemingly unrelated estimation procedure chi-square test 
for parameter estimates across models.28 However, it is conceivable that the elimination of 
the counties from the USCSCIs models due to lack of data (a total of 136 counties) may 
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have been systematic rather than random. If so, then there exist the potential for some form 
of selection bias in comparing the magnitude of the coefficients on the PSSCI and USCSCI. 
In other words, the difference in the magnitude of the coefficients between the two SCIs 
(PSSCI vs. USCSCI) may be due to the difference in the datasets used (3073 for PSSCI and 
2937 for USCSCI). To eliminate this potential bias, we re-estimated and examined the 
PSSCI results using data on the same counties that were used for the USCSCI analyses 
(n=2937). As a result, our final results were obtained from a total of 45 regression analyses.
For the purpose of this study, the discussion of the results was restricted to the estimated 
coefficients on the two variables of interest (USCSCI and PSSCI). Because several other 
recent studies have presented comprehensive discussions on the association between STIs 
and the sociodemographic and economic variables used in this study.19–22 Because we used 
the log link function in the GLM estimation, the estimated coefficients on the SCIs were 
interpreted as percent change (coefficient × 100) in the STI rate associated with a 1-unit 
change in the SCIs.25
Based on preliminary analyses and given that the SCIs were developed from several 
sociodemographic and economic data that may be correlated with the control variables that 
we used, we mean-centered (i.e., by subtracting the mean from each value) all the control 
variables to eliminate/reduce the potential for multicollinearity problems, and then 
recomputed (and evaluated) centered variance inflation factors (VIFs).29 These were done to 
ensure that the VIFs (<10) and condition numbers (<30) were below their recommended 
limits.30 Eliminating/reducing multicollinearity was important because high VIF signals 
possible multicollinearity problems that might result in spurious quantitative and/or 
qualitative results which can lead to specious interpretation of the estimated coefficients30—
in this case, the interpretation of the association between the SCIs (PSSCI/USCSCI) and 
STIs.
All the preliminary spatial regression analyses and the creation of spatial variables (lags and 
contiguity weight matrices) were conducted using GeoDa version 0.9.5-I, and the final 
regression analyses including diagnostics were performed in STATA version 14.2 (StataCorp 
LP, College Station, Texas). We used first-order queen contiguity weights for the spatial 
relationships between the counties. Spatial dependence tests were performed using the 
robust LaGrange Multiplier (LM) tests.6
RESULTS
Statistical analyses (spatial regression)
Based on the number of final regression analyses conducted (45 in total) and the focus of 
this study, we presented a summary of the estimated coefficients from all the regression 
analyses in Table 2 for the PSSCIs and USCSCIs. Additional results and associated 
information from all the final regression analyses conducted using the full dataset for each 
SCI (30 in total) have been provided in the Appendix (Tables I–VI). Full results for the 
remaining 15 PSSCI regressions that used data on the same counties as the USCSCI 
analyses are available from the lead author. Our test for multicollinearity in the control 
variables indicated that there were no potential problems as evidenced by the associated 
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VIFs (all were <3; limit is 10) and condition numbers (all were <4; limit is 30).30 In 
addition, the estimated coefficients on all the control variables had the expected signs, and 
were—for the most part—consistent across the models (Appendix Tables I–VI). The robust 
LM tests for spatial dependence indicated that there was no spatial dependence in our final 
SARMAMs.
All the results (estimated unadjusted and adjusted coefficients) show that the SCIs were 
negatively associated with bacterial STI burden (Table 2)—higher SCIs were associated with 
positive STI outcomes (lower STI burden). With the exception of the PSSCI coefficients for 
P&S syphilis, the magnitude of estimated coefficients were similar across all the four 
adjusted models (GLM and the spatial regression models). The estimated coefficients 
indicated that a one-unit increase in the PSSCI and the USCSCI were associated with a 9% 
(p<0.001) and 30% (p<0.001) decrease in the smoothed chlamydia rate, respectively (Table 
2). The estimated coefficients indicated that a one-unit increase in the PSSCI and the 
USCSCI were associated with a 18% (p<0.001) and 57% (p<0.001) decrease in the 
smoothed gonorrhea rate, respectively (Table 2). The estimated coefficients indicated that a 
one-unit increase in the PSSCI and the USCSCI were associated with a 15% (p<0.001) and 
43% (p<0.001) decrease in the smoothed P&S syphilis rate, respectively (Table 2).
Finally, our test of the magnitude of the estimated coefficients for the PSSCI vs. the USCSCI 
indicated that they were significantly different (highest p-value=0.0032) for each STI (Table 
2). When we restricted the PSSCI analyses to the same counties as were used for the 
USCSCI analyses (n=2,937), we found that the coefficients were very similar for the 
chlamydia models, while the gonorrhea and the P&S syphilis model coefficients were 
slightly different. However, they were not significantly different from the full-data PSSCI 
coefficients, but they remained significantly (highest p-value=0.01) different from the 
USCSCI estimates (Table 2).
DISCUSSION
In this study, we determined and compared the county-level association between the two 
available SCIs and the three most commonly reported bacterial STIs (chlamydia, gonorrhea 
and syphilis) using spatial regression techniques that controlled for select sociodemographic 
and economic factors for counties in all the 48 contiguous states (where applicable) in the 
US. Our results indicated that—without exception—the two SCIs that we focused on 
(county-level PSSCI and USCSCI) were negatively associated with county-level bacterial 
STI burden in the US. In other words, high SC were associated with favorable STI outcomes 
(lower STI burden).
Based on the full usable data results, we estimated that a one-unit increase in the SCIs were 
associated with at least 9% decrease in the STI burden. Additionally, the estimated 
coefficients for the USCSCIs were at least two-times higher than those for the PSSCI’s for 
each STI.
Qualitatively, our results—for the most part—are consistent with results from similar studies 
that examined the association between SC and STIs.6, 14, 15 According to the USCSCI 
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authors, the PSSCI is the first of its kind developed at the county-level.17 This implies that 
the USCSCI (developed in early 2018) was the second one available at this geographic level. 
As a result, we did not find any published studies that examined their association with STIs, 
therefore, we are unable to discuss/compare our quantitative results with published reports.
The large difference in the magnitude of the associations between the two SCIs and all three 
commonly reported STIs can be attributed to one or a combination of two factors. First, 
there was a temporal difference in the data used to develop them—the PSSCI represented the 
2014 calendar year,16 while the USCSCI reflected multi-year (2008–2016) measure that 
were consistent with the STI data (2012–2016) that we used. Second, the factors (and data) 
that were used to develop them were very different and reflected the developers’ interest 
(and/or motivation) as was explicitly discussed in their reports. While the PSSCI developers 
(mostly economists) were interested in SC and its contribution to economic growth and 
development of communities,16 the USCSCI developers were interested in an index that 
reflected associational life—family unity, family interaction, social support as well as 
community, institutional and philanthropic health.17
The difference in the association between the SCIs that we found is consistent with the 
statement that different aspects/types of SC have different effects on (or associations with) 
health outcomes6 which may result in researchers arriving at different conclusions.5 
However, in this case the difference in the association between the two county-level SCIs 
(PSSCI vs. USCSCI) and STIs were only quantitative. Nonetheless, our results reinforce the 
potential benefits of applying/incorporating social capital concepts (i.e., network-related, 
population-based, and community-level approaches) in our efforts to control and prevent 
STIs.6 Additionally, our results suggest that for the purpose of planning, designing and 
implementing effective STI control and prevention interventions/programs, understanding 
the communities’ associational life (as indicated by the factors/data used to develop the 
USCSCI) may be important.
The relative magnitude of the association between SC and the three STIs may be related to 
the differences in sexual network concentration. Chlamydia has the least network 
concentration (more evenly distributed) while gonorrhea and syphilis have networks that are 
more concentrated.31 In addition, most reported cases of syphilis are among men who have 
sex with men, and their networks are different.32
Limitations
All the limitations associated with the data we used are applicable. The STI surveillance data 
contained missing/unknown data for some counties. In addition, there are inconsistencies in 
the testing and reporting of STI data.33 Higher reported STI rates may be indicative of 
higher screening coverage rather than higher rates of disease; this is particularly true with 
STIs that are largely asymptomatic and unlikely to be diagnosed or reported in the absence 
of preventive health care. For example, available data indicate state-level variations in 
chlamydia screening among sexually-active women enrolled in health plans reporting data to 
the National Commission on Quality Assurance.34 However, complete county-level 
screening data for all three STIs in both sexes are unavailable. All of the data used to 
develop the SCIs also have various problems, including inconsistent data collection/
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reporting systems and/or measurement errors. Although the individual factors (or data) are 
combined to produce a composite value in the form of principal components, the effect of 
any systemic/measurement errors may still linger in the resulting indices. Due to lack of data 
on some of the sub-indices used to develop the USCSCI, there were missing values for some 
of the counties.17 This prevented us from using a more complete dataset, although we were 
able to use data on a very high majority (>93%). Because we used cross-sectional data, our 
result cannot be interpreted as causal. Finally, reverse association may be at play as well.6
Strengths
In spite of the limitations discussed above, there are several strengths in this study. To our 
knowledge, this is the first study that determined and compared the qualitative and 
quantitative association between two SCIs and the three most commonly reported STIs 
(chlamydia, gonorrhea, and syphilis) at the county-level in the contiguous states in the US 
using data on over 93% of counties. All the data used in this study are publicly available, 
making our analyses replicable. Our comprehensive analytical approach explored and 
presented all the available modeling methods in ecologic regression analyses— simple 
(univariate), multiple and spatial regression models (SLM, SEM and SARMAM) that 
controlled for several sociodemographic and economic factors. The exploration of all the 
above-mentioned models was very important for our study, because our results showed the 
robustness of the association between the SCIs and STIs as evidenced by the consistency of 
the qualitative and quantitative results across all the five models we estimated for each STI. 
In addition, the difference in the magnitude of the estimated association (PSSCI vs. 
USCSCI) persisted even when we re-estimated using data on the same counties. Our use of 
temporally smoothed rates for the STIs increased the robustness of the measure of morbidity 
of all the STIs for each county. Finally, to avoid qualitatively and/or quantitatively 
implausible estimates of the association between SCIs and the three STIs, we used mean-
centered values for the control variables to reduce potential multicollinearity problems.29 As 
a result of this approach, the estimated VIFs and condition numbers were well below their 
recommended limits.
Conclusion
This study used spatial regression techniques to determine and examine the association 
between two recently developed county-level social capital indices (Penn State social capital 
index [PSSCI] and the United States Congress social capital index [USCSCI]) and the three 
most commonly reported bacterial sexually transmitted infections (chlamydia, gonorrhea 
and syphilis) in the 48 contiguous states in United States. Our results showed that—without 
exception—social capital (as measured by the two recently developed indices ([PSSCI and 
USCSCI]) was associated with positive health outcomes. The higher the SCI, the lower the 
STI burden. A one-unit increase in the SCIs were associated with at least 9% (p<0.01) 
decrease in the STI rate. In addition, the magnitude of the associations were at least two-
times higher for the USCSCI than for the PSSCI. Because our results showed that higher 
social capital was associated with lower STI burden (without exception and regardless of the 
index), applying/incorporating social capital concepts (i.e., network-related, population-
based, and community-level approaches) in the planning, designing and implementation of 
STI control and prevention interventions can be beneficial. Additionally, these findings 
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suggest that understanding the communities’ associational life (as indicated by the factors/
data used to develop the USCSCI) may be important for planning, designing and 
implementing effective STI prevention and control interventions/programs.
Funding:
None declared.
APPENDIX
Table I.
Full unadjusted and adjusted regression results for estimating the association between the 
Penn State social capital index and smoothed chlamydia rate (n = 3,073)
Unadjusted Adjusted
Univariate 
GLM
Multivariate 
GLM
Spatial Lag 
Model
Spatial Error 
Model
SARMAM
Independent 
Variables
β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) VIF
Penn State 
SCI
−0.209*** 
−0.228,−0.189)
−0.100*** 
(−0.115,−0.084)
−0.093*** 
(−0.108,0.077)
−0.096*** 
(−0.112,0.080)
−0.091*** 
(−0.107,−0.076)
1.34
Mean-Centered Control Variables
% Black 
non-Hispanic
0.026*** 
(0.025,0.028)
0.024*** 
(0.023,0.026)
0.026*** 
(0.025,0.028)
0.024*** 
(0.023,0.026)
2.04
% Hispanic/
Latino
0.007*** 
(0.006,0.009)
0.007*** 
(0.006,0.009)
0.008*** 
(0.006,0.009)
0.007*** 
(0.006,0.009)
1.25
% Asian 0.008* 
(−0.001,0.017)
0.008* 
(−0.001,0.017)
0.007 
(−0.002,0.016)
0.008* 
(−0.001,0.017)
1.83
% AIAN 0.024*** 
(0.021,0.026)
0.023*** 
(0.021,0.026)
0.024*** 
(0.021,0.026)
0.023*** 
(0.021,0.026)
1.07
% NHOPI 0.186*** 
(0.103,0.269)
0.196*** 
(0.113,0.278)
0.189*** 
(0.106,0.272)
0.197*** 
(0.114,0.280)
1.08
Income 
inequality
0.265 
(0.217,0.747)
0.385 
(−0.096,0.866)
0.278 
(−0.203,0.759)
0.380 
(−0.101,0.860)
1.5
Median 
incomea
−0.001 
(−0.017,0.014)
−0.006 
(−0.022,0.009)
0.000 
(−0.015,0.016)
−0.007 
(−0.022,0.009)
1.78
% 
commuting > 
1 hour
−1.586*** 
(−1.891,−1.280)
−1.556*** 
(−1.860,1.252)
−1.583*** 
(−1.888,1.279)
−1.556*** 
(−1.859,1.253)
1.17
Sex ratio −0.006*** 
(−0.007,−0.005)
−0.006*** 
(−0.007,−0.004)
−0.006*** 
(−0.007,0.005)
−0.006*** 
(−0.007,0.004)
1.06
Birth ratea −0.017 
(−0.082,0.048)
−0.008 
(−0.072,0.057)
−0.015 
(−0.080,0.050)
−0.006 
(−0.071,0.059)
1.07
Population 
densitya
0.307*** 
(0.133,0.481)
0.394*** 
(0.212,0.576)
0.352*** 
(0.172,0.531)
0.380*** 
(0.198,0.561)
1.3
% aged 25–
29 years
0.034*** 
(0.030,0.038)
0.035*** 
(0.030,0.039)
0.034*** 
(0.030,0.039)
0.035*** 
(0.030,0.039)
1.22
Spatial lag 
(rho)
0.0005*** 
(0.0004,0.0007)
0.0005*** 
(0.0004,0.0007)
1.76
Spatial error 
lag (lambda)
0.0005*** 
(0.0003,0.0007)
0.0004*** 
(0.0002,0.0007)
1.02
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Unadjusted Adjusted
Univariate 
GLM
Multivariate 
GLM
Spatial Lag 
Model
Spatial Error 
Model
SARMAM
Independent 
Variables
β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) VIF
Mean VIF 1.37
Condition 
number
2.84
***p<0.01
**p<0.05
*p<0.1
GLM, generalized linear model; SCI, social capital index; β = coefficient; CI, confidence interval; VIF, variance inflation 
factor
AIAN, American Indian and Alaska Native; NHOPI, Native Hawaiian and other Pacific Islander
ARMAM, spatial auto-regressive moving average model;
aUnits were changed to obtain meaningful interpretation of the coefficients.
Table II.
Full unadjusted and adjusted regression results for estimating the association between the 
United States Congress social capital index and smoothed chlamydia rate (n = 2,937)
Unadjusted Adjusted
Univariate 
GLM
Multivariate 
GLM
Spatial Lag 
Model
Spatial Error 
Model
SARMAM
Independent 
Variables
β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) VIF
United States 
Congress 
SCI
−0.401*** 
(−0.417,−0.385)
−0.297*** 
(−0.321,−0.274)
−0.299*** 
(−0.322,−0.275)
−0.295*** 
(−0.319,−0.272)
−0.297*** 
(−0.320,−0.273)
2.32
Mean-Centered Control Variables
% Black 
non-Hispanic
0.018*** 
(0.016,0.019)
0.015*** 
(0.014,0.017)
0.018*** 
(0.016,0.019)
0.015*** 
(0.014,0.017)
2.29
% Hispanic/
Latino
0.006*** 
(0.004,0.007)
0.005*** 
(0.004,0.006)
0.006*** 
(0.005,0.007)
0.005*** 
(0.004,0.007)
1.36
% Asian 0.008** 
(0.001,0.016)
0.010** 
(0.002,0.018)
0.008** 
(0.000,0.016)
0.009** 
(0.002,0.017)
1.85
% AIAN 0.017*** 
(0.015,0.020)
0.016*** 
(0.013,0.019)
0.018*** 
(0.015,0.020)
0.016*** 
(0.014,0.019)
1.09
% NHOPI 0.136*** 
(0.062,0.210)
0147*** 
(0.073,0.221)
0.139*** 
(0.065,0.212)
0.148*** 
(0.075,0.222)
1.09
Income 
inequality
−0.024 
(−0.455,0.407)
0.135 
(−0.295,0.564)
−0.009 
(−0.437,0.420)
0.142 
(−0.286,0.569)
1.54
Median 
incomea
0.050*** 
(0.036,0.065)
0.042*** 
(0.028,0.057)
0.050*** 
(0.036,0.064)
0.043*** 
(0.028,0.057)
2.03
% 
commuting > 
1 hour
−1.154*** 
(−1.426,−0.882)
−1.141*** 
(−1.411,−0.871)
−1.166*** 
(−1.437,−0.895)
−1.152*** 
(−1.420,−0.883)
1.09
Sex ratio −0.005*** 
(−0.006,−0.004)
−0.005*** 
(−0.006,−0.004)
−0.005*** 
(−0.006,−0.004)
−0.005*** 
(−0.006,−0.004)
1.06
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Unadjusted Adjusted
Univariate 
GLM
Multivariate 
GLM
Spatial Lag 
Model
Spatial Error 
Model
SARMAM
Independent 
Variables
β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) VIF
Birth ratea −0.036 
(−0.097,0.025)
−0.027 
(−0.088,0.033)
−0.034 
(−0.094,0.027)
−0.025 
(−0.086,0.035)
1.09
Population 
densitya
0.085 
(−0.052,0.221)
0.115* 
(−0.022,0.253)
0.073 
(−0.062,0.208)
0.104 
(−0.032,0.240)
1.32
% aged 25–
29 years
0.033*** 
(0.029,0.037)
0.033*** 
(0.029,0.037)
0.033*** 
(0.029,0.036)
0.033*** 
(0.029,0.036)
1.17
Spatial lag 
(rho)
0.0006*** 
(0.00005,0.0008)
0.0006*** 
(0.0005,0.0007)
1.79
Spatial error 
lag (lambda)
0.0006*** 
(0.0003,0.0008)
0.0005*** 
(0.0003,0.0007)
1.03
Mean VIF 1.48
Condition 
number
3.30
***p<0.01
**p<0.05
*p<0.1
GLM, generalized linear model; SCI, social capital index; β, coefficient; CI, confidence interval; VIF, variance inflation 
factor
AIAN, American Indian and Alaska Native; NHOPI, Native Hawaiian and other Pacific Islander
SARMAM, spatial auto-regressive moving average model;
aUnits were changed to obtain meaningful interpretation of the coefficients.
Table III.
Full unadjusted and adjusted regression results for estimating the association between the 
Penn State social capital index and smoothed gonorrhea rate (n = 3,073)
Unadjusted Adjusted
Univariate 
GLM
Multivariate 
GLM
Spatial Lag 
Model
Spatial Error 
Model
SARMAM
Independent 
Variables
β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) VIF
Penn State 
SCI
−0.398*** 
(−0.436,−0.360)
−0.188*** 
(−0.219,−0.156)
−0.179*** 
(−0.210,−0.147)
−0.186*** 
(−0.218,−0.155)
−0.178*** 
(−0.210,−0.147)
1.32
Mean-Centered Control Variables
% Black 
non-Hispanic
0.044*** 
(0.041,0.047)
0.037*** 
(0.034,0.041)
0.044*** 
(0.041,0.047)
0.038*** 
(0.035,0.042)
2.52
% Hispanic/
Latino
0.004** 
(0.001,0.007)
0.004*** 
(0.001,0.008)
0.004*** 
(0.001,0.008)
0.005*** 
(0.002,0.008)
1.19
% Asian 0.017 
(−0.003,0.037)
0.019* 
(−0.001,0.040)
0.015 
(−0.005,0.035)
0.018* 
(−0.002,0.038)
1.83
% AIAN 0.038*** 
(0.033,0.044)
0.036*** 
(0.031,0.042)
0.038*** 
(0.032,0.043)
0.036*** 
(0.031,0.042)
1.08
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Unadjusted Adjusted
Univariate 
GLM
Multivariate 
GLM
Spatial Lag 
Model
Spatial Error 
Model
SARMAM
Independent 
Variables
β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) VIF
% NHOPI 0.306*** 
(0.133,0.480)
0.324*** 
(0.150,0.497)
0.325*** 
(0.152,0.499)
0.336*** 
(0.163,0.509)
1.08
Income 
inequality
1.513*** 
(0.508,2.518)
1.840*** 
(0.826,2.854)
1.586*** 
(0.587,2.585)
1.863*** 
(0.855,2.871)
1.51
Median 
incomea
0.060*** 
(0.027,0.093)
0.043** 
(0.010,0.077)
0.060*** 
(0.027,0.093)
0.045*** 
(0.012,0.079)
1.79
% 
commuting > 
1 hour
−3.422*** 
(−4.028,−2.816)
−3.189*** 
(−3.799,−2.580)
−3.381*** 
(−3.986,−2.775)
−3.182*** 
(−3.791,−2.573)
1.17
Sex ratio −0.009*** 
(−0.011,−0.007)
−0.008*** 
(−0.011,−0.006)
−0.009*** 
(−0.011,−0.007)
−0.009*** 
(−0.011,−0.007)
1.06
Birth ratea −0.074 
(0.211,0.063)
−0.055 
(−0.192,0.082)
−0.079 
(−0.215,0.057)
−0.061 
(−0.198,0.075)
1.07
Population 
densitya
0.939*** 
(0.476,1.402)
0.991*** 
(0.519,1.463)
0.896*** 
(0.440,1.351)
0.948*** 
(0.483,1.412)
1.3
% aged 25–
29 years
0.029*** 
(0.020,0.038)
0.031*** 
(0.022,0.041)
0.029*** 
(0.020,0.038)
0.031*** 
(0.022,0.040)
1.22
Spatial lag 
(rho)
0.003*** 
(0.002,0.004)
0.003*** 
(0.002,0.004)
2.27
Spatial error 
lag (lambda)
0.004*** 
(0.003,0.005)
0.003*** 
(0.002,0.004)
1.08
Mean VIF 1.43
Condition 
number
3.24
***p<0.01
**p<0.05
*p<0.1
GLM, generalized linear model; SCI, social capital index; β, coefficient; CI, confidence interval; VIF, variance inflation 
factor
AIAN, American Indian and Alaska Native; NHOPI, Native Hawaiian and other Pacific Islander
SARMAM, spatial auto-regressive moving average model;
aUnits were changed to obtain meaningful interpretation of the coefficients.
Table IV.
Full unadjusted and adjusted regression results for estimating the association between the 
United States Congress social capital index and smoothed gonorrhea rate (n = 2,937)
Unadjusted Adjusted
Univariate 
GLM
Multivariate 
GLM
Spatial Lag 
Model
Spatial Error 
Model
SARMAM
Independent 
Variables
β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) VIF
Owusu-Edusei et al. Page 13
Sex Transm Dis. Author manuscript; available in PMC 2021 March 01.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Unadjusted Adjusted
Univariate 
GLM
Multivariate 
GLM
Spatial Lag 
Model
Spatial Error 
Model
SARMAM
Independent 
Variables
β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) VIF
United States 
Congress 
SCI
−0.760*** 
(−0.792,−0.729)
−0.561*** 
(−0.609,−0.512)
−0.568*** 
(−0.616,−0.519)
−0.562*** 
(−0.611,−0.514)
−0.567*** 
(−0.615,−0.518)
2.27
Mean-Centered Control Variables
% Black 
non-Hispanic
0.029*** 
(0.026,0.032)
0.021*** 
(0.018,0.025)
0.029*** 
(0.026,0.032)
0.022*** 
(0.019,0.026)
2.76
% Hispanic/
Latino
0.001 
(−0.002,0.004)
0.001 
(0.001,0.004)
0.001 
(−0.001,0.004)
0.002 
(−0.001,0.004)
1.33
% Asian 0.017* 
(−0.001,0.034)
0.021** 
(0.003,0.038)
0.016* 
(−0.001,0.033)
0.017* 
(−0.000,0.034)
1.85
% AIAN 0.030*** 
(0.025,0.036)
0.028*** 
(0.023,0.034)
0.030*** 
(0.025,0.036)
0.029*** 
(0.023,0.034)
1.09
% NHOPI 0.224*** 
(0.070,0.378)
0.240*** 
(0.086,0.394)
0.239*** 
(0.085,0.392)
0.250*** 
(0.097,0.404)
1.09
Income 
inequality
0.833* 
(−0.065,1.732)
1.226*** 
(0.318,2.134)
0.880* 
(0.011,1.772)
1.255*** 
(0.351,2.159)
1.54
Median 
incomea
0.165*** 
(0.135,0.196)
0.145*** 
(0.114,0.176)
0.166*** 
(0.135,0.196)
0.150*** 
(0.119,0.181)
2.04
% 
commuting > 
1 hour
−2.646*** 
(−3.198,−2.095)
−2.391*** 
(−2.945,−1.836)
−2.625*** 
(3.174,−2.076)
−2.411*** 
(−2.965,−1.858)
1.09
Sex ratio −0.008*** 
(−0.010,−0.006)
−0.008*** 
(−0.010,−0.006)
−0.008*** 
(−0.010,−0.006)
−0.008*** 
(−0.010,−0.006)
1.06
Birth ratea −0.131** 
(−0.259,−0.002)
−0.129** 
(−0.257,−0.002)
−0.133** 
(−0.260,−
−0.131** 
(−0.259,−0.004)
1.09
Population 
densitya
0.407** 
(0.066,0.747)
0.364** 
(0.037,0.693)
0.322** 
(0.003,0.641)
0.410** 
(0.069,0.751)
1.31
% aged 25–
29 years
0.026*** 
(0.018,0.034)
0.026*** 
(0.018,0.034)
0.026*** 
(0.018,0.033)
0.026*** 
(0.018,0.034)
1.17
Spatial lag 
(rho)
0.003*** 
(0.003,0.004)
0.003*** 
(0.002,0.004)
2.24
Spatial error 
lag (lambda)
0.004*** 
(0.003,0.005)
0.003*** 
(0.002,0.004)
1.05
Mean VIF 1.53
Condition 
number
3.49
***p<0.01
**p<0.05
*p<0.1
GLM, generalized linear model; SCI, social capital index; β, coefficient; CI, confidence interval; VIF, variance inflation 
factor
AIAN, American Indian and Alaska Native; NHOPI, Native Hawaiian and other Pacific Islander
SARMAM, spatial auto-regressive moving average model;
aUnits were changed to obtain meaningful interpretation of the coefficients.
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Table V.
Full unadjusted and adjusted regression results for estimating the association between the 
Penn State social capital index and smoothed primary and secondary syphilis rate (n = 
3,073)
Unadjusted Adjusted
Univariate 
GLM
Multivariate 
GLM
Spatial Lag 
Model
Spatial Error 
Model
SARMAM
Independent 
Variables
β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) VIF
Penn State 
SCI
−0.372*** 
(−0.435,−0.309)
−0.088*** 
(−0.145,−0.031)
−0.148*** 
(−0.244,−0.053)
−0.163*** 
(−0.258,−0.068)
−0.149*** 
(−0.244,−0.053)
1.36
Mean-Centered Control Variables
% Black 
non-Hispanic
0.034*** 
(0.026,0.041)
0.030*** 
(0.022,0.038)
0.034*** 
(0.026,0.042)
0.031*** 
(0.022,0.039)
1.85
% Hispanic/
Latino
0.006 
(−0.002,0.014)
0.003 
(−0.005,0.011)
0.004 
(−0.004,0.012)
0.003 
(−0.005,0.011)
1.2
% Asian −0.005 (−0.054,0.044)
−0.016 
(−0.066,0.033)
−0.013 
(−0.062,0.037)
−0.017 
(−0.066,0.033)
1.86
% AIAN 0.040
*** 
(0.028,0.052)
0.027*** 
(0.013,0.041)
0.032*** 
(0.019,0.046)
0.027*** 
(0.013,0.041)
1.11
% NHOPI 0.240 (0.204,0.685)
0.174 
(0.264,0.612)
0.185 
(0.256,0.625)
0.174 
(−0.264,0.612)
1.09
Income 
inequality
0.709 
(−1.829,3.246)
0.876 
(−1.716,3.468)
0.878 
(−1.709,3.465)
0.880 
(−1.711,3.472)
1.51
Median 
incomea
0.193*** 
(0.112,0.274)
0.1700*** 
(0.086,0.255)
0.200*** 
(0.117,0.283)
0.172*** 
(0.086,0.257)
1.85
% 
commuting > 
1 hour
−2.850*** 
(−4.493,−1.207)
−3.202*** 
(−4.900,−1.504)
−3.215*** 
(−4.925,−1.505)
−3.201*** 
(−4.899,−1.503)
1.2
Sex ratio −0.020
*** 
(−0.027,−0.014)
−0.020*** 
(−0.027,−0.013)
−0.021*** 
(−0.027,−0.014)
−0.020*** 
(−0.027,−0.014)
1.19
Birth ratea −0.434
** 
(−0.813,−0.057)
−0.427** 
(−0.810,−0.044)
−0.416** 
(−0.801,−0.031)
−0.427** 
(−0.810,−0.044)
1.07
Population 
densitya
0.839 
(−0.289,1.967)
0.783 
(−0.311,1.876)
0.872 
(−0.262,2.005)
0.785 
(−0.309,1.880)
1.34
% aged 25–
29 years
0.226*** 
(0.152,0.300)
0.220*** 
(0.142,0.297)
0.212*** 
(0.135,0.290)
0.220*** 
(0.142,0.297)
1.72
Spatial lag 
(rho)
0.060*** 
(0.023,0.097)
0.058*** 
(0.015,0.101)
2.49
Spatial error 
lag (lambda)
0.041** 
(0.005,0.077)
0.005 
(−0.044,0.053)
1.95
Mean VIF 1.52
Condition 
number
3.36
***p<0.01
**p<0.05
*p<0.1
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GLM, generalized linear model; SCI, social capital index; β, coefficient; CI, confidence interval; VIF, variance inflation 
factor
AIAN, American Indian and Alaska Native; NHOPI, Native Hawaiian and other Pacific Islander
SARMAM, spatial auto-regressive moving average model;
aUnits were changed to obtain meaningful interpretation of the coefficients.
Table VI.
Full unadjusted and adjusted regression results for estimating the association between the 
United States Congress social capital index and smoothed primary and secondary syphilis 
rate (n = 2,937)
Unadjusted Adjusted
Univariate 
GLM
Multivariate 
GLM
Spatial Lag 
Model
Spatial Error 
Model
SARMAM
Independent 
Variables
β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) VIF
United States 
Congress 
SCI
−0.657*** 
(−0.708,−0.605)
−0.434*** 
(−0.570,−0.298)
−0.427*** 
(−0.562,−0.293)
−0.429*** 
(−0.564,−0.294)
−0.427*** 
(−0.562,−0.293)
2.49
Mean-Centered Control Variables
% Black 
non-Hispanic
0.021*** 
(0.014,0.029)
0.018*** 
(0.010,0.025)
0.022*** 
(0.014,0.029)
0.017*** 
(0.010,0.025)
2.14
% Hispanic/
Latino
0.005 
(−0.002,0.012)
0.004 
(−0.003,0.011)
0.005 
(−0.002,0.012)
0.004 
(−0.003,0.011)
1.32
% Asian −0.005 
(−0.045,0.036)
−0.015 
(−0.055,0.024)
−0.011 
(−0.051,0.029)
−0.015 
(−0.055,0.024)
1.89
% AIAN 0.024*** 
(0.010,0.039)
0.023*** 
(0.010,0.037)
0.025*** 
(0.011,0.039)
0.023*** 
(0.009,0.037)
1.09
% NHOPI 0.278 
(−0.114,0.671)
0.184 
(−0.189,0.556)
0.199 
(−0.180,0.577)
0.184 
(−0.189,0.557)
1.1
Income 
inequality
3.126*** 
(0.842,5.410)
3.202*** 
(0.927,5.477)
3.066*** 
(0.797,5.334)
3.205*** 
(0.929,5.481)
1.53
Median 
incomea
0.293*** 
(0.217,0.368)
0.263*** 
(0.186,0.339)
0.298*** 
(0.223,0.373)
0.261*** 
(0.184,0.338)
2.15
% 
commuting > 
1 hour
−1.592** 
(−3.040,−0.145)
−1.640** 
(−3.069,−0.211)
−1.623** 
(−3.063,−0.183)
−1.643** 
(−3.072,−0.214)
1.14
Sex ratio −0.016*** 
(−0.022,−0.010)
−0.016*** 
(−0.022,−0.010)
−0.016*** 
(−0.022,−0.010)
−0.016*** 
(−0.022,−0.010)
1.21
Birth ratea −0.348** 
(−0.670,−0.028)
−0.370** 
(−0.687,−0.053)
−0.358** 
(−0.676,−0.040)
−0.368** 
(−0.685,−0.052)
1.08
Population 
densitya
0.233 
(−0.503,0.968)
0.179 
(−0.531,0.888)
0.311 
(−0.465,1.088)
0.185 
(−0.530,0.900)
1.34
% aged 25–
29 years
0.210*** 
(0.145,0.275)
0.223*** 
(0.158,0.287)
0.218*** 
(0.153,0.283)
0.223*** 
(0.158,0.287)
1.79
Spatial lag 
(rho)
0.067*** 
(0.032,0.102)
0.069*** 
(0.033,0.106)
1.95
Spatial error 
lag (lambda)
0.034** 
(0.005,0.063)
−0.007 
(−0.049,0.034)
1.40
Mean VIF 1.58
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Unadjusted Adjusted
Univariate 
GLM
Multivariate 
GLM
Spatial Lag 
Model
Spatial Error 
Model
SARMAM
Independent 
Variables
β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) VIF
Condition 
number
3.41
***p<0.01
**p<0.05
*p<0.1
GLM, generalized linear model; SCI, social capital index; β, coefficient; CI, confidence interval; VIF, variance inflation 
factor
AIAN, American Indian and Alaska Native; NHOPI, Native Hawaiian and other Pacific Islander
SARMAM, spatial auto-regressive moving average model;
aUnits were changed to obtain meaningful interpretation of the coefficients.
LIST OF ABBREVIATIONS
ACS American Community Surveys
AIAN American Indian and Alaska Native
CDC Centers for Disease Control and Prevention
GLM generalized linear model
LM Lagrange Multiplier
NAICS North American Industry Classification System
NHOPI Native Hawaiian and other Pacific Islander
P&S primary and secondary
PSSCI Penn State social capital index
SARMAM spatial auto-regressive moving average model
SC social capital
SCI social capital index
SDM spatial Durbin model
SEM spatial error model
SLM spatial lag model
STI sexually transmitted infection
US United States
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USCSCI United States Congress social capital index
VIF variance inflation factor
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